The electrooxidation of cysteamine compound was carried out using convolutive cyclic voltammetry, linear sweep voltammetry and chronoamperomtry techniques at a carbon fiber microdisk electrode in 0. 1 M perchloric acid. The electrooxidation potential (E 0'' ) of cysteamine occurs at + 0.921 V. The mechanistic pathway of electrooxidation process at carbon fiber microelectrode is loss of 1 electron per molecule. The electrode process is controlled mainly by diffusion. The chemical and electrochemical parameters of the investigated system were determined experimentally and verified theoretically via digital simulation method.
INTRODUCTION
The unique properties of microdisk electrodes offer a number of particular advantages for their use in analytical applications. In the steady-state mass transport to the microdisk is dominated by quasi-hemispherical diffusion. As a consequence, the mass transport to and from the microdisk electrode surface is efficient, reproducible and insensitive to random convection. In analytical applications based on accumulation and stripping techniques this obviates the need for stirring during the preconcentration step, improves the precision of the measurement, and reduces analysis times. In addition, the small electrode surface area of the microdisk means that the double layer capacitance of the electrode is small, thus significantly reducing the charging current. As a consequence, the ratio of the steady-state Faradaic current to the non-Faradaic current is increased and the detection limit is enhanced. 1 The small size of the electrodes also means that the currents passed at the microelectrode are small resulting in negligible ohmic drop (iR drop) even in the absence of a supporting electrolyte. 2, 3 This has dual advantages in analytical applications that sample preparation can be simplified and that the possibility of impurities from the added electrolyte is eliminated. Microelectrodes are thus particularly well-suited for trace analysis. Pt, Au, Hg and carbon microelectrodes have been used in stripping analyses for the determination of trace metals by a number of authors. [4] [5] [6] [7] [8] In contrast, studies using microelectrodes for the determination of organic species are far less numerous and are restricted to the use of carbon fiber microelectrodes.
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Cysteamine (2-mercaptoethylamin hydrochloride) is a thio-containing compound ( Fig. 1 ) biologically important in living systems, 20 as an Different analytical methods have been developed to quantify cysteamine and there metabolites in biological matrices (urine, human salivary, blood), pharmaceutical preparation and foods. The most commonly employed techniques are the chromatographic such as liquid chromatography (LC), [28] [29] [30] [31] [32] [33] and gas chromatography (GC). 34 Many of these methods require several manipulation steps which are time-consuming and use significant amounts of solvent, and they require sophisticated instrumentation and training. Considering that voltammetric techniques are relatively simple to apply, quite rapid and reasonably cheap, several procedures for quantification of cysteamine based on electrochemical methods have been developed.
Convolutive voltammetry was introduced in the early 1970s to simplify the treatment of voltammetric data for analytical and kinetic applications.
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Convolutive voltammetry is more powerful in determining the electrochemical parameters as well as identifying the nature of electrode mechanism. To the best of our knowledge no convolutive voltammetry carried out on cysteamine at carbon fiber microdisk electrode.
The aim of this work is the identification of the electrode nature and determination of the chemical and electrochemical parameters of cysteamine at carbon fiber microdisk electrode using various voltammetric techniques combined with digital simulation method
EXPERIMENTAL

Electrochemical cells
Voltammetric experiments were carried out with a three electrode cell inside a Faraday cage. The working electrode was a 7.5 μm ) diameter carbon fiber microdisk, platinum wire as counter electrode and the reference electrode was a saturated calomel electrode, SCE, all potentials are referenced to this electrode.
Reagents and solutions
Cysteamine (analytical grade) was used as supplied (Fluka, AG). All other chemicals were Merck pro-analysis grade and all solutions were prepared using purified water. The supporting electrolyte in voltammetric determination was HClO 4 solution (0.1 M).
Carbon fiber microdisk treatment
The surface of the carbon fiber microdisk electrode was polished mechanically with graded alumina powder of different sizes (1, 0.3-0.05 μm) Buehler, Lake Bluff, IL, USA) on a polishing cloth. In order to improve the repeatability of the treatment, an electrochemical cleaning of the electrode surface was also made by cycling the potential several times in 0.1 M HClO 4 at a scan rate of 50 mV/s between 0.4 and 1.4 V, until the blank cyclic voltammograms were reproducible. 40 The effective electrode radius was determined by recording the steady-state diffusion limiting current, I ss , from a 10 mM solution of ruthenium(III) hexamine trichloride in 0.2 M KCl. The radius of the electrode was estimated using the equation for the current at a microdisk 40, 41 I ss = 4nFDC b r
where r is the radius of the microdisk, active site in the catalytic activity of enzyme and it's found in the structure of vasopressin an antidiuretic hormone. 21 This substance is involved in a variety of important cellular functions, such as protein synthesis, detoxification and metabolism disorders of cysteamine metabolism include cystinosis, an antosomal recessive disease produced by a defect in lysosomal transport and cystinuria, a common heritable disorder of amino acids transport. 22, 23 Furthermore, plasma thiol groups have been shown to be susceptible to oxidative damage and, therefore, can serve as diagnostic markers for cardiovascular diseases. 24 Cysteamine has several pharmaceutical applications; it is used in some antibiotics and for treatment of skin damages 25 and as radio protective agent. 26 Cysteamine {HCl} is currently used for cystinosis patients in an oral/systemic form or as an eye drop, at a concentration level of 0.5% and in a solution preserved with benzalkonium chloride. Cysteamine therapy has been shown to produce improved growth and stabilized renal function in pre-renal transplant cystinotics, without substantial toxicity. Cysteamine may also be used after glaucoma surgery, trabeculectomy or seton, to reduce scar tissue proliferation. symbols have their usual meanings.
Procedures
The electrochemical behaviour of 5.0x10 -4 M cysteamine was studied in HClO 4 solutions (0.1 M) at carbon fiber microdisk electrode, using four voltammetric techniques: Cyclic voltammetry (CV), convolutive voltammetry, linear sweep voltammetry and chronoamperometry techniques combined with digital simulation technique. A known volume of cysteamine solutions, together with 0.1 M of HClO 4 solution, was purged with purified nitrogen for 2 min. The electrode surface was polished between two consecutive scans. The scan was conducted from 0. 4 V to 1.4 V.
Generation of theoretical voltammograms
Digital simulation of the data for cyclic voltammetric experiments was performed on PC computer using EG & G Condesim software package. The simulation procedure was carried out using finite differences techniques. 42 Algorithms for the simulation program were coded and implemented into the condesim software package supplied by EG & G. A direct test of the determined electrochemical parameters was performed by generating the simulated cyclic voltammogram of cycteamine using the average values of electrochemical parameters extracted experimentally and comparing it with the voltammogram recorded experimentally.
RESULTS AND DISCUSSION
Cyclic voltammetry study
In this work, a carbon fiber microdisk electrode was used in order to obtain some information of the electrochemical oxidation behaviour of cysteamine. The cyclic voltammograms of 5.0x10 -4 M cysteamine in 0.1 mol/l HClO 4 solution displays oxidation steady state limiting current at sweep rate of 0.02 V/s (Fig. 2) . The anodic scan yields a current plateau, at the scan rate until v ≤ 1 V/s. The diffusion coefficient of the cysteamine was determined using Eq. At sweep rate of 10 V/s the voltammogram shows a well defined oxidative peak at 1.28 V on the top of the sigmoidal wave expected for a simple diffusion controlled process at a microdisk electrode (Fig. 3) . On the return scan the wave deviates from sigmoidal shape as indicated from the appearance of the reductive peak in the backward direction (Fig. 3) . The effect of the scan rate on the peak current, i p , was investigated over the range of 2 -10 V/s. It was found that, i p , increases with increasing the sweep rate and follows a simple linear relationship or square root relationship indicating that the peak current is determined by a diffusion process (Fig. 4A) . At low sweep rate in the range of 0.005 -0.2 V/s the forward and return scan of the cyclic voltammogram gives a well defined sigmoidal wave of the type expected for a diffusion controlled processes at a microdisk electrode. The horizontal relationship between i p and v 1/2 of the investigated system at sweep rate in the range 0.005 -0.2 V/s is shown in Fig. 4B . As indicated the cycles carried out within the low values of scan rates produced a horizontal line at sweep rate of 0.005 -0.2 V/s and linear relationship with the square root of high scan rate ≥ 2 V/s. This indicates that the process at the surface of the electrode was mainly controlled by diffusion. The number of electrons was determined by the application of Randles and Sevcik mathematical 43 and found to be equal to unity. As shown the cyclic voltammogram at sweep rate of 10 V/s is similar to that obtained from conventional electrode i.e. exhibit peak shape cyclic voltammogram. This behaviour demonstrate that at large v (short time) and conventional electrode radius (r) exhibit planar (linear) diffusion or peaks shape, while at small v (long time) and small electrode radius (r) produce non-planar (radial) diffusion or steady state.
The peak separations ΔE p between oxidative and reductive peaks were in the range 590 -770 mV, indicating the slow nature of the charge transfer process (irreversible). The transfer coefficient, α, was determined using the relationship E p -E p/2 = 48/αn a and found to be 0.3 ± 0.05. The ratio of Q b / Q f was found to be less than unity but increase with increasing the sweep rate confirming the presence of chemical step after the charge transfer, i.e. EC mechanism.
The electrode reaction of cysteamine can be proposed as following: As indicated the chemical step may be due to the dimerization of RS * to RSSR in irreversible process.
From the above results we conclude that, mass transport from the bulk to the electrode surface is one of the factors determining the shape of cyclic voltammograms and the magnitude of faradaic currents. The steady-state response arises because the electrolysis rate is equal to the rate at which molecules diffuse to the electrode.
Convolutive voltammetry
The convolution interface method introduced by Oldham [35] [36] [37] and Saveant and co-workers 38, 39 allows simple determination of the surface concentration of a depolarizer from the current-time dependence measured during an electrochemical experiment. Originally this method was based on semiintegration of current with respect to time and it was applicable to processes involving semi-infinite linear diffusion of reactants.
The I 1 convolution is defined as follows:
where I 1 is the convoluted current at the total elapsed time (t), and i(u) is the experimental current at time u. 46 The electron transfer of the oxidation process was found to be irreversible as indicated by the lack of overlay of the return sweep of the convoluted current on cyclic sweeping at scan rate of 10 V/s ( Figure 5 ). The diffusion coefficient (D) of the investigated system was evaluated from the following relationship:
where I lim is the limiting value achieved for I 1 when the potential is deriven to a sufficiently extreme value past the wave, and the other terms have their usual meanings.
The deconvoluted current is defined as.
dt applied potential. The asymmetry of the forward and the reverse peaks indicates and confirms the EC nature of the electrode mechanism. The peak located at 0.6 V in the reverse scan of the deconvoluted voltammogram is due to the reduction of the oxidized form of cysteamine i.e. the overall electrochemical process of the electrooxidation step is EC scheme. The value of the redox potential E 0' was determined from the average values of the forward and backward peak positions and is listed in Table 1 . Table 1 : Electrochemical parameters of the investigated cysteamine hydrochloride at carbon fiber microdisk electrode. which consists of two mirror image peaks with a maximum and minimum amplitude alignment at E 1/2 value and the value of half peak width W p equals 3.526 RT/nF or 90.53/n mV in case of rapid electron transfer and T = 298 K. Figure 6 indicates an example of the deconvoluted current (dI 1 /dt) versus the The anodic half peak width (W p ) was taken as a simple route for characterization of the nature of electron transfer. 47 The values of W p were found to be equal 165 -383 mV at v in the range of 0.1 -10 V/s (Table 2) , confirming the slow nature of electron transfer of the investigated system. Figure 7 illustrates the agreement between simulated and experimental one at v = 10 V/s confirming the suggested electrode mechanism as well as the accuracy of the determined electrochemical parameters listed in Table 1 . The values of the standarad heterogeneous rate constant (k s ) and the homogeneous chemical rate constant (k c ) which exhibit good matching between experimental and theoretical cyclic voltammograms are 2.4 x 10 -6 m/s and 3.1/s respectively (Table 1) . 
Digital simulation
Linear sweep voltammetry
Chronoamperometry
After knowing the electrooxidation behaviour of cysteamine , a chronoamperometry technique was used to evaluate the influence of time on the chronoamperogram behaviour. Figure 9A plot. It is important to notice that for the lowest t -1/2 values (i.e., the largest times) the current tends to a value clearly different from zero, which evidences the absence of a total overlapping of the individual diffusion layers. It was established that the microdisk electrode share the advantage of spherical microelectrodes in that quasi-spherical diffusion fields are established in relatively short lengths of time. Oldham et al [49] [50] [51] simply compared the current response of a microdisk to that of a microsphere. They have shown that the diffusion controlled current density at a microdisk of radius (r ) is the same as that a sphere of radius r s , given by r s = πr / 4. Thus an expression for the current density at a microdisc electrode can obtained using equation (7) The current is obtained by multiplying equation (7) by π r 2 , the area of the microdisk, as: 
Eq. (11) indicates that D can be obtained without the knowledge of n and c b provided r is known. Thus obtaining D, leads to calculation of n with knowing c from the experimental intercept or slope using Eq. (10) or Eq. (11) . The value of the diffusion coefficient calculated from Eq. (11) is cited in Table 1 .
CONCLUSIONS
On the basis of the electrooxidation of cysteamine at a carbon fiber microdisk electrode, four voltammetric techniques combined with digital simulation were used in order to investigate the electrochemical behaviour of cysteamine in 0.1 M HClO 4 solution. The relevant chemical and electrochemical parameters of the investigated cysteamine were determined. The effect of sweep rates on the cyclic voltammogram shape were carried out. The electrode mechanism was found to proceed as EC scheme. The rate of charge transfer was found to be slow electron transfer.
